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Introduction 


The  androgen  receptor  (AR)  is  critical  in  the  normal  development  and  function  of  the  prostate,  as 
well  as  in  prostate  carcinogenesis1.  Androgen  deprivation  therapy  is  the  mainstay  in  treatment  of 
advanced  PCa  (PCa);  however,  after  an  initial  response,  the  disease  inevitably  progresses  to 
castration-resistant  PCa  (CRPC)2.  Recent  evidence  suggests  that  continued  AR  activation,  either 
in  a  ligand-dependent  (LD)  or  in  a  ligand-independent  (LI)  manner,  is  commonly  associated  with 
CRPC1.  There  is  an  unmet  need  for  novel  agents  to  target  both  LI  and  LD  AR  signaling  in 
CRPC.  Our  overarching  hypothesis  is  that  the  disruption  of  interactions  between  AR  and  critical 
cofactors  by  targeting  structural  motifs  involved  in  protein-protein  interactions  (PPIs)  may  block 
both  LD  and  LI  activation  of  AR  and  represent  a  novel  therapeutic  approach  for  patients  with 
CRPC. 

In  this  grant,  we  had  proposed  to  design  and  synthesize  peptidomimetics  that  can  more 
specifically  disrupt  LD  and  LI  activation  of  AR.  We  then  wanted  to  evaluate  the  mechanism  of 
specific  peptidomimetics  in  blocking  AR  signaling.  Finally,  we  wanted  to  evaluate  the  utility  of 
specific  peptidomimetics  in  animal  models  and  on  primary  PCa  tissue. 

In  our  first  year,  we  had  made  significant  strides  in  these  endeavors.  We  have  created  and  tested 
more  than  23  variants  of  the  peptidomimetics  and  have  learned  to  build  a  better  more  potent 
peptidomimetic. 

In  our  second  year,  we  continued  on  our  work  from  the  first  year  and  evaluated  pharmacologic 
properties  of  our  best  compounds  from  year  1.  We  further  improved  the  solubility  of  our 
compounds  in  year  2  and  are  finalizing  a  manuscript  from  that  effort. 

In  the  third  year,  we  developed  a  novel  assay  to  ascertain  that  the  peptidomimetics  were  targeting 
direct  interactions  between  the  coregulators  and  the  androgen  receptor  in  vivo. 


Body 


In  this  grant,  our  overall  goals  were  to  target  the  androgen  receptor  in  prostate  cancer 
using  peptidomimetics  for  the  LxxLL  and  WxxLF  motif  using  oligo-benzamide  scaffolds 
that  are  highly  specific  for  and  can  disrupt  the  AR-PELP-1  interaction. 

We  had  had  a  highly  productive  first  two  years  and  hadmade  significant  strides  in  our 
work  with  peptidomimetics.  Towards  this  end,  we  had  published  a  critical  manuscript  in 
Nature  Communications  (Ravindranathan  et  al,  Nature  Communications  2013)  that 
outlines  our  work  with  our  leading  D2  compound  and  its  remarkable  activities  on 
prostate  cancer  cell  lines.  This  manuscript  had  been  well-received  and  garnered 
significant  collaborations  to  further  explore  these  agents.  We  have  further  worked  on 
our  peptidomimetics  and  refined  their  activities. 

We  then  designed  tris-benzamide-based  molecules  to  introduce  additional  functional 
group  from  the  flanking  residues  around  the  LXXLL  motif  to  our  lead  D2  compound.  We 
created  over  a  hundred  compounds  to  improve  the  activity  of  D2.  We  did  find  several 
that  were  more  potent  than  D2  (year  2  report). 


Our  primary  assay  to  evaluate  the  interaction  between  the  AR  and  coregulators  such  as 
PELP1  was  a  co-immunoprecipitation  assay,  as  shown  below: 
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Fig.  i  Effect  of  bis-benzamides  on  the  AR-PELP1  interactions.  LNCaP  cells  were 
treated  with  bis-benzamides  in  the  presence  of  10  nM  DHT.  Cell  lysates  were  then 
immunoprecipitated  with  specific  antibody  for  AR  and  immunocomplexes  were 
subjected  to  Western  blotting  with  AR  and  PELP1  antibodies. 


However,  this  assay  showed  that  AR  and  PELP1  were  in  a  complex  and  not 
necessarily  directly  bound  to  each  other.  Reviewers  of  our  manuscript  suggested  that 
we  show  that  the  peptidomimetics  were  directly  targeting  the  interaction  between  AR 
and  PELP1 ,  especially  within  a  cellular  context.  Towards  this  end,  we  spent  most  of 


year  3  developing  and  optimizing  an  in  vivo  FRET  assay  to  validate  that  the 
peptidomimetics  were  able  to  block  the  AR-PELP1  interaction.  Because  of  the 
complexity  of  this  assay,  we  had  to  coptimize  conditions  for  the  assay  and  develop  a 
novel  platform  for  in  vivo  FRET.  This  assay  is  technically  challenging  and  took  us  a 
greater  part  of  a  year  to  optimize. 

We  were  the  beta-users  of  a  novel  NanoBiT  assay  from  Promega  that  utilizes  a 
structural  complementation-based  approach  to  monitor  protein-protein  interactions 
within  living  cells.  Large  BiT  (LgBiT;  18  kDa)  and  Small  BiT  (SmBiT;  1  kDa)  subunits  of 
NanoLuc  Luciferase  were  optimized  for  the  analysis  of  protein  interaction  dynamics. 
When  LgBiT  and  SmBiT  subunits  are  separated,  the  Large  BiT  part  loses  the  majority  of 
luciferase  activity.  However,  when  the  direct  interaction  between  fusion  proteins  on 
LgBiT  and  SmBiT  occurred,  the  interaction  promotes  structural  complementation 
between  LgBiT  and  SmBiT  and  results  in  full  luciferase  activity  (Fig.  2).  Protein-protein 
interaction  are  then  monitored  in  living  cells  following  addition  of  the  Nano-Glo  Live  Cell 
Reagent,  a  non-lytic  detection  reagent  containing  the  cell-permeable  furimazine 
substrate  and  observed  luminescent  signals.  The  primary  advantage  of  this  assay  was 
that  we  could  test  the  activity  of  the  peptidomimetics  on  the  interaction  between  AR  and 
PELP1  within  the  cell  and  within  the  native  cellular  context. 
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Fig  2:  schematic  of  the  nanobit  assay  showing  that  the  interaction  between  protein  A 
and  protein  B  results  in  luminescence. 

To  generate  different  NanoBiT  fusion  constructs,  human  AR  and  PELP1  coding 
sequences  were  amplified  by  PCR  and  separately  subcloned  into  NB-MCS  vectors 
(Promega).  To  test  the  protein-protein  interaction  between  AR  and  PELP1  by  using  the 
NanoBiT  assay,  C-LgBit-AR  paired  with  C-SmBit-PELPI  HEK  or  C-LgBit-PELPI  with  C- 
SmBit-AR  constructs  were  transiently  transfected  into  HEK293T  ceils  by  using  Fugene 
HD  transfection  reagent  (Promega).  After  a  24-hour  incubation,  the  cells  were  treated 
with  DMSO  or  peptidomimetics  (at  different  doses)  for  2  hours  and  then  treated  cells 


with  EtOH  or  DHT  (10  nM)  for  30  mins.  After  treatment,  Nano-Glo  live  cell  reagents 
were  added  into  cells  and  luminscence  was  measured  after  10  mins. 
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Fig.  3  Effect  of  bis-benzamides  on  the  AR-PELP1  interactions.  293  cells  were 
transiently  transfected  with  large  and  small  bit  AR  and  PELP1  constructs  and  then 
treated  with  bis-benzamides  in  the  absence  and  presence  of  10  nM  DHT.  Evaluation  of 
the  fluorescent  signal  reveals  the  degree  of  interaction  between  AR  and  PELP1  within 
the  cell. 

We  show  that  the  D2  peptidomimetic  was  able  to  block  the  direct  interaction 
between  AR  and  PELP1  in  293  cells  and  PC3  cells  (Fig.  3).  These  data  strongly  support 
the  activity  of  the  peptidomimetics  on  direct  protein-protein  interactions.  This  critical 
component  of  our  story  enables  completion  of  the  D2  variant  manuscript  and  it  is  being 
readied  for  resubmission. 

Because  of  the  technical  challenges  in  getting  this  assay  done,  we  have  applied  for 
a  no-cost  extension  to  complete  the  proposed  experiments  for  year  3,  including 
validation  of  the  effects  of  the  peptidomimetics. 


Key  Research  Accomplishments 

1 .  We  have  systematically  designed,  synthesized  and  evaluated  over  a  1 00 

compounds  to  improve  pharmacologic  properties  of  D2 

2.  We  have  created  a  lead  compound  that  appears  to  be  active  at  lOnM 

3.  We  have  developed  a  novel  in  vivo  FRET  assay  to  evaluate  the  interaction 

between  AR  and  specific  coregulators.  This  is  a  critical  step  forward  in  further 
understanding  the  activity  of  our  platform. 

4.  I  am  the  coPI  of  a  DOD  transformative  grant  designed  to  bring  another  of  our 

drugs  forward  into  clinic. 
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Reportable  Outcomes  for  last  year 

1.  We  have  developed  a  novel  in  vivo  FRET  assay  to  ascertain  direct  protein-protein 

interactions  between  AR  and  coregulators 

2.  We  have  shown  that  the  peptidomimetics  block  AR  and  coregulator  interactions 

3.  We  are  now  further  testing  our  panel  of  peptidomimetics  using  our  novel  assay 


Conclusion 


We  continue  to  make  progress  in  our  work  with  pep tidomime tics  targeting  ligand-dependent  and 
ligand-independent  androgen  receptor  signaling  in  prostate  Cancer.  We  have  now  developed  a 
novel  in  vivo  FRET  assay  for  evaluation  of  our  peptidomimetic  platform. 


References 


1.  Centenera  MM,  Raj  GV,  Knudsen  KE,  Tilley  WD,  Butler  LM.  Ex  vivo  culture  of  human 
prostate  tissue  and  drug  development.  Nat  Rev  Urol.  2013  Aug;10(8):483-7 

2.  Ravindranathan  P,  Lee  TK,  Yang  L,  Centenera  MM,  Butler  L,  Tilley  WD,  Hsieh  JT,  Ahn  JM, 
Raj  GV.  Peptidomimetic  targeting  of  critical  androgen  receptor-coregulator  interactions  in 
prostate  cancer. 

Nat  Commun.  2013;4:1923 

3.  Schiewer  MJ,  Goodwin  JF,  Han  S,  Brenner  JC,  Augello  MA,  Dean  JL,  Liu  F,  Planck  JL, 
Ravindranathan  P,  Chinnaiyan  AM,  McCue  P,  Gomella  LG,  Raj  GV,  Dicker  AP,  Brody  JR, 
Pascal  JM,  Centenera  MM,  Butler  LM,  Tilley  WD,  Feng  FY,  Knudsen  KE.  Dual  roles  of  PARP- 
1  promote  cancer  growth  and  progression.  Cancer  Discov.  2012  Dec;2(12):  1 134-49 

4.  Centenera  MM,  Gillis  JL,  Hanson  AR,  Jindal  S,  Taylor  RA,  Risbridger  GP,  Sutherland  PD, 
Scher  HI,  Raj  GV,  Knudsen  KE,  Yeadon  T;  Australian  Prostate  Cancer  BioResource,  Tilley  WD, 
Butler  LM.  Evidence  for  efficacy  of  new  Hsp90  inhibitors  revealed  by  ex  vivo  culture  of  human 
prostate  tumors.  Clin  Cancer  Res.  2012  Jul  l;18(13):3562-70 

5.  Chung  PH,  Gayed  BA,  Thoreson  GR,  Raj  GV.  Emerging  drugs  for  prostate  cancer.  Expert 
Opin  Emerg  Drugs.  2013  Dec;18(4):533-50. 


